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An undercut is a groove melted into the baseplate at the toe of the weld and is caused primarily by excessive travel speed in relation to the welding current.
Problem
The cost of locating and repairing these defects can be a major portion of construction costs. In addition, the service life of welded joints would be longer if weld defects could be minimized.
Consequently, monitoring the welding parameters ;o show where possible defects are located is necessary. A weld monitor with realtime output would aid the inspector in designating suspect areas for nondestructive testing. If a certain percentage of weld joints is required to be inspected, then the monitor would alert inspectors to questionable areas that should be included in that percentage.
Objective
The objective of this study was to develop and fabricate a device to (1) monitor field welding parameters, (2) compare the data with preset limits in real time, (3) indicate whether a limit has been exceeded, and (4) aid inspectors in vsld quality control.
\

Approach
Various nondestructive testing techniques were examined as possible candidates for real-time field weld analysis. Many methods were rapidly rejected because they were cumbersome, complex, or otherwise unsuitable for field use. It was decided that development of a special monitoring device was reruired.
The requirements established for the device were that it should:
1. Monitor the three primary signals from the weld system-arc voltage, current, and travel speed; compare them to preset limits; and alert the operator if these limits are exceeded.
2. Calculate the heat input, nugget area, and cooling rate from the three primary signels; compare these values with preset limits; and alert the operator if the limits are exceeded.
3. Be small enough to be field portable.
After these requirements were established, a block diagram of the weld quality monitor (Figure 1 ) was developed. From this diagram circuitry was designed and the prototype was fabricated. After fabrication, each circuit was individually tested with simulated input signals; all circuits were then tested concurrently.
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The voltage channel was tested using input from an in-house fully automatic gas metal-arc (GHA) welding machine. The automated GMA process was chosen to simplify control of the welding variables for initial testing.
Scope
The initial circuitry was designed to monitor parameters of a fully automatic welding machine using the GMA process. Once this system has been perfected, it will be expanded to cover other welding systems and equipment setups. In the two commonly used field welding processes-shielded metalarc (stick electrodes) and gas metal-arc (bare-wire)--the source of heat for melting the materials is an electric arc. Control of the arc parameters will control the amount of heat generated, the length of time at an elevated temperature, and the cooling rate of the weld zone.
Base Metal Microstructure
The cooling cycle after a weld pass determines the microstructure of the weld metal and the heat-affected zone. With fast cooling rates, some steels become very hard due to a martensitic transformation.
If the cooling rate is sufficiently slow, the metal may be more ductile and the structure ferrite and pearlite. The type of steel generally determines which of these structures is desired. For low-carbon and low-alloy steels, the pearlitic structure Is desirable, while for high-strength quenched and tempered steel, the martensitic structure is desirable.
Martensite is undesirable in low-carbon and low-alloy steels de-2 signed for yield strengths less than 80 ksi (552 MN/m ) because of its hardness and low solubility for hydrogen at ambient temperatures. This combination of characteristics increases the likelihood of hydrogen cracking in the joint. Use of low-hydrogen stick electrodes and the gas metal-arc welding system reduces this tendency toward hydrogen-induced cracking.
Martensite is desirable in quenched and tempered steels such as US Steel's T-l (ASTM A-514), because the tempering of the plate yields a martensitic structure with increased ductility. 
Current Signal Cirauit
The current signal circuit (Figure 4 ) also has two cascade-connected op-amps. The first is assembled as a difference amplifier and the second as an inverting amplifier. The difference amplifier mode is used because the shunt (current signal source) may or may not be grounded.
The difference amplifier has input resistors (R. ) of 1 Mfi. The resistance (R ) between the noninverting input and ground is 10 Mf2; the feedback resistor (RJ is a 10-Mfi variable resistor. The inverting amplifier has an input resistance (R.j n ) of 10 K^ and a 500-kn variable feedback resistor (Ri).
The amplification ratio for the difference amplifier (A,) is
A i s ir '-^Vm-
(Max) CEq 16] in
The amplification factor of the inverting amplifier (Ap) is Both op-amps invert the polarity of the output so that the final signal has the same polarity as the input signal. The total amplification available (A t t ) is given by
This gives a maximum amplification of 500 and a minimum of less than 1. Since the maximum output of the shunt installed on the equipment is 50 mV, it requires high amplification for compatibility.
DIFFERENCE AMPLIFIER
The maximum voltage output of the current parameter circuit is After each channel had successfully been tested individually, the three simulated primary signals were fed into the monitor simultaneously.
The limits were again set and the input voltages varied. All circuits were checked for accuracy and proper functioning.
The monitor was then connected to the welding machine voltage output to test the circuitry with an actual voltage signal. After the limits were set, a welding arc was established on a test plate. During the weld pass, the arc voltage was varied to exceed the preset limits. A method of measuring the travel speed in a manual operation will be developed concurrently.
Results
At the conclusion of the preliminary testing, the improvements suggested by the testing program will be incorporated in the monitor in preparation for field testing. Results of current research on the weldability of construction materials will be used to set the parameter limits for the various steels before field testing.
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